ABSTRACT Surface disinfection studies mimicking worst-case scenarios in badly cleaned poultry houses were made with 3 bacterial isolates (Salmonella enteritidis, Salmonella senftenberg, and Enterococcus faecalis), and 3 1% disinfectant solutions, formaldehyde (F; 24.5% vol/vol), glutaraldehyde/benzalkonium chloride (G; Bio Komplet Plus), and a peroxygen compound (P; Virkon S), with World Health Organization (WHO) standard hard water as a control. Materials (concrete paving stones, steel feed chain links, wooden dowels, and jute egg belts) and organic matter found commonly in poultry houses (feed, fats, egg yolk) were used in the tests. Organic matter inoculated with high numbers of stationary phase cultures was added to materials and dried for 24 h at different temperatures (6, 11, 20, or 30°C), immersed in solu-
INTRODUCTION
Significant resources are spent on cleaning and disinfection of animal houses, both as a general means to minimize infection pressure and to target specific organisms. Disinfection as a routine part of the management procedures has probably increased with the intensification of animal husbandry that has taken place in the last decades, especially in developed countries. To a high extent, this applies to the commercial poultry sector in the Western hemisphere, which is very intensive and consistently applies an all-in all-out system. Moreover, more focus has been put on this topic with the implementation of programs against specific microorganisms. It is probably no coincidence that several guidelines on cleaning and disinfection have been published after the present focus on Salmonella (Linton et al., 1987; Engvall, 1993; von Löhren, 1994; Meroz and Samberg, 1995; Søeberg and Pedersen, 1998) , especially 2004 Poultry Science Association, Inc. Received for publication January 27, 2004. Accepted for publication June 25, 2004. 1 To whom correspondence should be addressed: kog@get2net.dk.
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tions for set time periods (5, 15, or 30 min) , and dried again for 25 h (6, 11, or 30°C) . Then, traditional recovery procedures (using 10-fold dilutions until 10 −4 , i.e., a most probable number method) were applied. For the 2 Salmonella isolates, the efficacy of the solutions was (in decreasing order): formaldehyde > glutaraldehyde/benzalkonium chloride > peroxygen compound > WHO hard water, except when feed chain links with fats were disinfected using 30°C before and after disinfection, for which the peroxygen compound seemed more effective. Enterococcus faecalis was equally or less susceptible than S. enteritidis and S. senftenberg, indicating its suitability as an indicator bacterium. For the peroxygen compound, S. senftenberg was more susceptible than S. enteritidis in spite of higher minimum inhibitory concentrations to this disinfectant for the former.
S. enteritidis, which has been pandemic since the 1980s (Rodrigue et al., 1990) . The focus on S. enteritidis has put the poultry industry under pressure, especially the table egg sector, as in-shell eggs have been incriminated as the main S. enteritidis food source for humans (Rodrigue et al., 1990; Cogan and Humphrey, 2003) .
In Denmark, samples for Salmonella examination have been submitted from all broiler flocks since 1992 (Bisgaard, 1992; Anonymous, 2003) , all poultry feed has been heattreated since 1989 (Danish Poultry Council, 1990) , and a comprehensive Salmonella control program for the poultry breeding and table egg sectors was launched in 1996 (Wegener et al., 2003) . These measures have substantially reduced the number of new Salmonella infections (Wegener et al., 2003) , but often the same Salmonella types are still detected from the same poultry farms, and often from the same houses, i.e., Salmonella-infected premises persist despite (apparently) thorough cleaning and disinfection procedures (Gradel and Rattenborg, 2003) . This persistence can be due to many factors, for example, rodents, insects, or lack of hygiene barriers, but elimination of Salmonella in the house itself is paramount. Other than the recommendations given in cleaning and disinfection guidelines, it has been difficult to provide specific advice, as the scientific literature on disinfection of animal houses is sparse. Information on specific disinfectants can often only be obtained from the companies that produce or market these products. Most scientific disinfection studies are from the food industry or hospitals where other conditions prevail and different disinfectants are used, making it difficult to extrapolate results to the agricultural sector.
Most animal houses have cracks and crevices in floors, walls, and ceilings. Moreover, poultry houses with the most inaccessible equipment belong to the table egg sector, especially battery cage houses that are particularly difficult to clean properly. In general, the efficacy of disinfectants increases with higher temperatures, but lower temperatures are often encountered in the periods between flocks. These and other factors experienced in real-life situations advocate an investigation into borderline conditions, not to encourage sluggish procedures, but to obtain information on safety margins when cleaning and disinfecting poultry houses. In addition, it is pertinent to know more about poultry house materials and the types of organic matter in which Salmonella is most difficult to eliminate by disinfection, so more attention can be put on critical control points.
Due to the above considerations, this surface disinfection study was set up to simulate disinfection procedures and worst-case scenarios in empty poultry houses, that is, those containing considerable amounts of organic matter, high numbers of bacteria, high contents of protective compounds (fats, carbohydrates, and proteins), low temperatures, and materials found in poultry houses that are difficult to clean properly.
MATERIALS AND METHODS

General Principles
Bacteria (Salmonella enteritidis, Salmonella senftenberg, or Enterococcus faecalis) were grown to stationary phase. Organic matter (feed, fats, or egg yolks) was spiked with high numbers of the bacteria and then smeared on the surface of the materials (feed on concrete paving stones) or materials were immersed in the organic matter with bacteria (feed chain links, wooden dowels, jute egg belts). Materials with spiked organic matter were then dried for 24 h at a set temperature (6, 11, 20, or 30°C) . Thereafter, they were immersed in a 1% disinfectant solution (formalin, glutaraldehyde/benzalkonium chloride, or peroxygen compound) or water (control) at exact time intervals (5, 15, or 30 min Then, the materials were again dried for 25 h at a set temperature (6, 11, or 30°C) . For bacterial detection, all materials with organic matter were immersed in enrichment broth (10 0 dilution) used for 10-fold dilutions until 10 −4
. During the incubation period, all materials were kept in the 10 0 dilutions. Traditional bacteriological procedures were made for all dilutions, that is, a most probable number method was used.
Bacterial Strains
Salmonella enteritidis, phage type 8, was the most common Salmonella type in Danish persistently infected table egg houses. Moreover, this isolate had relatively low minimum inhibitory concentrations (MIC) against 5 disinfectants, including the 3 used in this study (Gradel and Randall, 2003) . On the other hand, S. senftenberg was chosen because this serotype had relatively high MIC (Gradel and Randall, 2003) . Enterococcus faecalis was used in some series with the worst conditions to test its use as an indicator organism for future field studies. To facilitate isolation and to check for unintentional cross-contamination, all isolates were made rifampicin-resistant by a gradient agar method (Eisenstadt et al., 1994) . The mutation of rifampicin resistance is unusual in naturally occurring bacteria, and because it is chromosomal, it is not easily transferable (Compeau et al., 1988) . Isolates with a rifampicin susceptibility zone of 0 mm (Anonymous, 1998) , were used. They were stored on blood agar (BA; 5% calf blood) 2 plates at 5°C. At least once a month, one colony was subcultured in veal infusion broth 3 (37°C for 12 to 24 h) and streaked onto a new BA plate.
Poultry House Materials and Organic Matter
Four types of materials (concrete paving stones, feed chain links, wooden dowels, and jute egg belts) and 3 types of organic matter (feed for layers, fat, egg yolk) were used (Table 1) . These materials are often found in poultry houses, and they have rough surfaces that are difficult to clean and disinfect properly. Only certain combinations of materials and organic matter (concrete paving stones/feed, feed chain links/fat, feed chain links/feed, wooden dowels/ fat, wooden dowels/feed, and jute egg belts/egg yolk) were included in the study, as it was most pertinent to simulate conditions likely to be found in poultry houses.
Preparation of Spiked Organic Matter
Isolates were grown in Luria-Bertoni (LB) broth 3 for 18 to 24 h at 37°C, until stationary phase. The LB broth was diluted 1:10 in buffered peptone water (BPW), 4 which was further diluted in sterile ELGA water, 5 1:10 or 1:100, to obtain high or low cfu, respectively, in the organic matter. Feed for layers (Table 1 ) was added to the LB/BPW/ELGA water mixture in the proportion 1:2 (wt/vol). After 1 h, this mixture was shaken vigorously until it had a porridgelike consistency. The same LB/BPW/ELGA water mixture was used for spiking egg yolks. For each sample, 2 eggs (Table 1) were broken, the whites were discarded, the yolks were poured into a measuring glass, and the volume was recorded. The same volume of LB/BPW/ELGA water mixture was added, and the whole mixture was poured into a jar, lidded, and shaken vigorously. The rapeseed oil (Table 1) was melted at 42°C, after which 600 mL was mixed with 2.0 mL of stationary phase culture LB broth and shaken vigorously.
Inoculation of Materials with Spiked Organic Matter
Concrete paving stones and feed chain links were recycled and washed between the tests, whereas the other materials were discarded after each test. All materials were sterilized before each test series. For concrete paving stones, an amount of 10.25 (± 0.25) or 20.15 (± 0.17) g of spiked organic matter was distributed evenly with sterile scrapers on an area measuring 20 × 20 cm, after which each paving stone was put in a tub with the inoculated surface up. All other materials were immersed in the relevant spiked organic matter, shaken, and left for varying times (feed, 15 min; fats, 5 min; egg yolk, 1 h, shaken with 20 min intervals). Thereafter, the materials were placed on stainless steel trays.
Incubation Before and After Disinfection Procedures
Before and after disinfection, all materials with spiked organic matter were placed in a cooling incubator 6 or a climatic cabinet, 7 set at predetermined temperatures, using the same cabinet type for all samples in a series. Binder KB 115, Binder GmbH, Tuttlingen, Germany. ture and RH were logged at 10-min intervals.
8 All materials remained in the cabinets exactly 24 and 25 h before and after the disinfection procedures, respectively.
Disinfection Procedures
Since 1992, the use of disinfectants for all Danish broiler flocks has been recorded in a common database (Skov et al., 1999) . From January 3, 1992, to October 2, 2001, there were 4,629 Salmonella-positive broiler flocks; glutaraldehyde/benzalkonium chloride compound, formaldehyde, and a peroxygen compound were used most commonly for disinfecting them (38.8, 32.4, and 14.9%, respectively). The use of disinfectants has not been recorded systemically in Danish layer houses, but it is our experience that these 3 disinfectants are used most commonly. Therefore, the following 3 disinfectants were chosen for this study: a glutaraldehyde (23% vol/vol) and benzalkonium chloride (5% vol/vol) compound (G), 9 formalin (24.5% vol/vol formaldehyde) (F), 10 and a peroxygen compound (P). 11 World Health Organization (WHO) standard hard water (0.404 g of CaCl 2 ,2H 2 O and 0.139 g of MgCl 2 ,6H 2 O per liter of sterile deionized water) (W) 4 was used for controls and for diluting disinfectant solutions, all of which were 1% (vol/vol for G and F, wt/vol for P). At least 12 h before the disinfection procedures, the water (W) was placed at the temperature used for incubating materials before disinfection. All disinfectant solutions were made on the day of use. Disinfectant G was mixed 1:11 with its pH regulator (KOH and H 3 PO 4 ) before further dissolving in water (W). Two hundred milliliters of disinfectant solution was used for 1 concrete paving stone, 3 wooden dowels, or 1 jute egg belt piece (in a tub for the concrete paving stone, in jars for the other materials), whereas 250 mL of solution was used for 2 feed chain link pairs, except in one series. All materials with spiked organic matter were immersed in disinfection solutions at exact times (5, 15, or 30 min, Tables 2 to 5) before being placed in new tubs (concrete paving stones) or on new stainless steel trays (other materials). 1 Low = ca. 4 × 10 5 to 6 × 10 6 cfu/g of organic matter; High = ca. 4 × 10 6 to 6 × 10 7 cfu/g of organic matter .
2 GPPS = grams of organic matter per paving stone.
3 TB = mean temperature (± deviations merged for all series) during a 24-h period before disinfection; TA = mean temperature (± deviations merged for all series) during a 25-h period after disinfection; DT = disinfection time. Disinfection conditions deteriorate toward the bottom of the table. F = formalin; G = glutaraldehyde/benzalkonium chloride compound; P = peroxygen compound; W = World Health Organization (WHO) standard hard water (control). , and so forth. X.5 = no growth in dilution x -1, but in dilution x. For series with no growth in a dilution in between X.5 points were given, where X was the dilution above the one without growth (e.g., growth in 10 -4 but no growth in 10 -3 would be scored 4.5 points). 5 ND = not done because modified semisolid Rappaport-Vassiliadis (MSRV) plates crystallized during incubation; no growth was observed on Rambach agar plates when streaking from MSRV plates.
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Replicate results are written in the same row, separated by a slanted line (/).
Microbiological Procedures
All materials with spiked organic matter were immersed individually in preenrichment broth, Salmonella in BPW and E. faecalis in Enterococcus broth.
12 Wooden dowels were placed in 20.0-mL vials; concrete paving stones were placed with the surface down in 200 mL of broth in tubs; and all others were placed in 200-mL jars. Materials were left in the broth for 30 (concrete paving stones/feed, wooden dowels/feed), 60 (feed chain links/feed, jute egg belts/egg yolk), or 120 min (feed chain links/fat, wooden dowels/fat) before dilution so that organic matter could be dispersed in the broth. Vessels containing materials with fat were placed at 37°C to let the fat become fluid. After these times, vessels were shaken vigorously and feed was scraped from the surface of concrete paving stones with a sterile Drigalski spatula before dilution. Ten-fold dilutions were made until 10 −4 , using BPW and Enterococcus broth for Salmonella and E. faecalis, respectively. All vessels were lidded and the tubs with concrete paving stones were sealed with plastic bags during incubation (BPW: 37°C for 16 to 20 h; Enterococcus broth: 42°C for 18 to 24 h), with materials remaining in the 10 0 dilutions. Modified semisolid Rappaport-Vassiliadis agar 2 and Slanetz agar 4 plates (37°C at 42 to 48 h) were inoculated from the BPW and Enterococcus broths, respectively. Modified semisolid Rappaport-Vassiliadis agar plates were incubated for 18 to 24 h and 42 to 48 h, and plates with swarming were streaked onto Rambach agar 4 (37°C for 18 to 24 h). Suspect (red, reddish, or clear) colonies on Rambach agar were agglutinated with O-antisera relevant for S. enteritidis or S. senftenberg (Popoff and Le Minor, 1997) , whereas purple/purplish shiny colonies 12 Enterococcus broth, Becton Dickinson Co., Sparks, MD.
13
Access 97, Microsoft, Inc., Redmond, WA.
on Slanetz agar were interpreted as E. faecalis. From the lowest dilutions with suspect colonies, rifampicin resistance was checked (Anonymous, 1998) .
Statistical Analysis
All data were entered in an Access database.
13 Although the number of cfu could be calculated, this gave no meaning for materials other than the concrete paving stones, as the amount of spiked organic matter was unknown. It was therefore more relevant to derive a point system related to growth in the dilutions as follows: No growth seen in any dilution = 0 points; growth in only 10 0 = 1 point; growth in only 10 0 and 10 −1 = 2 points and so on to 10 −4 , such that a scale from 0 to 5 points was used. A few series had some illogical growth patterns, as there was no growth in a dilution in between. In these series, x.5 points were given, where x was the dilution above that without growth (e.g., growth in 10 , would score 4.5 points). This point system was first used for a Friedman's 2-way ANOVA to see if there were overall differences, after which individual differences were compared by Tukey's Honestly Significant Different (HSD) test (UNISTAT, 2002) . To test for statistical significance in a traditional Salmonella presence/absence test, 2 × 2 tables were made by merging 1 to 5 point samples, comparing 0 with >0 points by χ 2 or 2-tailed Fisher exact tests (for expected values <5). For each isolate, disinfectants were compared pairwise, and isolates were compared pairwise for each disinfectant in series where both isolates were included (Tables 2 to 5 ). Statistical tests were not made between types of poultry house materials or organic matter, as other conditions (e.g., different temperatures before and after disinfection) also differed between these. All tests were made with the individual replicate points using a significance level of 5% (P = 0.05). -4 but no growth in 10 -3 would be scored 4.5 points).
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The tests in this row were performed with only 1 feed chain link pair per 250 mL of disinfectant; tests in the other rows were performed with 2 chain link pairs per 250 mL of disinfectant.
5
Feed contained 4 × 10 6 to 6 × 10 7 cfu/g of organic matter. Tables 2 to 5 show the results. All positive samples had agar plates with pure cultures of suspicious colonies. All tested colonies were fully rifampicin-resistant; selected Salmonella-suspicious colonies reacted with relevant O-sera. Only significant differences will be commented upon here.
RESULTS
Because all the F-tests for the Friedman's ANOVA test were significant (P < 0.001), individual comparisons using the Tukey's HSD test could be made. For S. enteritidis, both F and G were more effective than P (P < 0.001 and P = 0.002, respectively) and W (both P < 0.001). For S. senftenberg, the 3 disinfectants were more effective than W (P < 0.011 for F and G; P = 0.013 for P), and F was more effective than P (P = 0.005). For E. faecalis, all 3 disinfectants were more effective than W (F: P = 0.001; G: P < 0.001; P: P = 0.007). Pairwise comparisons between the bacteria were only significant when S. enteritidis and S. senftenberg were compared for P, as the former was more recalcitrant (P = 0.023). Although no significant differences were detected, E. faecalis generally had higher mean points than the Salmonella isolates.
Comparisons of 0 vs. >0 points generally yielded more significant results. For both S. enteritidis and S. senftenberg, F was more effective than G (P = 0.000044 and 0.00058, respectively), P (P < 10 −7 and 5 × 10 −7
, respectively) and W (both P < 10
−7
). For S. enteritidis, G was more effective than P (P = 0.012) and W (P = 0.000098). For S. senftenberg, G and P were more effective than W (P = 9 × 10 −7 and 0.00061, respectively). In pairwise comparisons between the bacteria, S. enteritidis was more recalcitrant than S. senftenberg to P (P = 0.003), and more susceptible than E. faecalis to F (P = 0.044), whereas S. senftenberg was more susceptible than the latter to F (P = 0.0002), G (P = 0.0056) and P (P = 0.0026).
The above tendencies were general for all disinfection series, with one notable exception: when testing feed chain links and fats at 30°C before and after disinfection, P was better than F, G, and W, for S. enteritidis and E. faecalis (Table 3) . We observed during this disinfection that only the rapeseed oil in P seethed, which is probably a result of the P disinfectant's corrosive properties on certain metals, perhaps exacerbated by the feed chain links being rusty. When disinfecting wooden dowels under the same conditions, no seething was observed in any of the disinfectants, and the results for P were more similar to those for F, G, and W (Table 4) .
As several conditions differed between series, poultry house materials and organic matter could not be compared statistically. However, there seemed to be differences between fats and feed (Tables 3 and 4) , as the former were generally more protective. For each disinfectant and for every combination of poultry house materials and organic matter, there was generally little variation related to the other conditions (cfu, amount of organic matter on concrete paving stones, temperatures before and after disinfection, and disinfection times), though a somewhat higher survival was seen for the most effective disinfectants when conditions deteriorated (G in Table 2 , F for S. enteritidis in Table  4 , and both G and F for Salmonella in Table 5 ).
DISCUSSION
Only a few countries (France, Germany, Netherlands, UK, and US) have official methods of testing disinfectants, and even among these no harmonization exists (Cremieux and Fleurette, 1991; Reybrouck, 1999) , which makes comparison of the results difficult. Most of these official methods are suspension tests (e.g., the European suspension test; Reybrouck, 1999) . These are relatively easy to standardize, and as they often give impressive results on the elimination of bacteria, commercial disinfectant companies frequently use them as documentation for their products. However, the main disadvantage is that they are unrealistic, as bacteria in suspensions are generally more susceptible to detrimental conditions (including disinfectants) than 1 TB = mean temperature (± deviations merged for all series) during a 24-h period before disinfection; TA = mean temperature (± deviations merged for all series) during a 25-h period after disinfection; DT = disinfection time. For each type of organic matter, disinfection conditions deteriorate toward the bottom of the table. F = formalin; G = glutaraldehyde/benzalkonium chloride compound; P = peroxygen compound; W = World Health Organization (WHO) standard hard water (control).
2
Replicate results are written in the same row, separated by a slanted line (/). 3 X.5 = no growth in dilution x -1, but in dilution x. For series with no growth in a dilution in between X.5 points were given, where X was the dilution above the one without growth (e.g., growth in 10 Feed contained 4 × 10 6 to 6 × 10 7 cfu/g of organic matter.
bacteria dried on surfaces (Brown et al., 1991) . On the other hand, tests that more closely mimic real life conditions are more difficult to standardize, because of the difficulties in determining factors that influence the resistance of the test bacteria; this can render the reproducibility between different laboratories difficult (Reybrouck, 1999) . The lack of scientific literature on disinfection of animal houses, the limited usefulness of suspension tests for reallife situations, and hundreds of visits to persistently infected poultry houses without being able to give much specific advice on disinfection, prompted us to make this study. Surface tests in which mimicking of real-life situations found in the disinfection of poorly cleaned poultry houses under low temperatures were important aspects in this study, in spite of the disadvantages of such tests. Nevertheless, "nonstandardized" factors such as differences between the roughness in concrete paving stone surfaces, the degree of rust on feed chain links, or the amount of organic matter sticking to materials, were random for different bacteria and disinfectants, so it is unlikely that the consistent results are due to these. Moreover, dilutions were made using a most probable number method, to -4 but no growth in 10 -3 would be scored 4.5 points).
3 Low = 2.9 × 10 5 to 4.6 × 10 6 cfu/g of organic matter; High = 2.9 × 10 6 to 4.6 × 10 7 cfu/g of organic matter .
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give results that are more detailed. However, results from dilutions using the organic matter of this study should also be interpreted with caution, as a complete Poisson distribution could probably not be expected. This might explain the few odd results, where growth was not seen in one dilution, but was seen in the dilution 10-fold weaker. Again, these conditions were the same regardless of disinfectants and bacterial isolates, therefore it is unlikely that this favored any one factor systematically. Dilutions were made to avoid the use of neutralizers in the preenrichment broth, as there is no common neutralizer for the 3 disinfectants of this study (Sutton et al., 2002) , and the use of different neutralizers would systematically bias comparisons with regard to disinfectants. Only 3 samples, all disinfected with formaldehyde, did not grow in the 10 0 dilution, but did in higher dilutions (data not shown), so we believe dilutions in general compensated for the lack of neutralizers, probably also supported by the 25 h period after disinfection. Most published disinfection tests do not incorporate any time span between the disinfection and recovery procedures, probably because a rapid effect is desired in the food industry and in hospital wards, whereas there are normally more than 25 h between disinfection and the insertion of new animals in poultry houses. Finally, one obvious way of compensating for the lack of a rigorous standardization is to increase the number of tests, which was done both with different conditions and several replicate tests.
Another point of discussion is the ability of a study like this to mimic worst-case scenarios. It is difficult to characterize the specific composition of organic matter found in poultry houses. It is well known that organic matter protects bacteria from disinfectants (Russell, 1999b) , and specific proteins, often albumin, are used in many disinfection tests. Studies on the impact of specific components on the efficacy of disinfection (such as carbohydrates, proteins, and fats) have mainly been made with heating of bacteria (Hansen and Riemann, 1963; Corry, 1974; Molin, 1977; Senhaji, 1977; Ababouch et al., 1995) . However, because many principles are similar between different detrimental conditions with regard to the killing of microorganisms, we presumed that these compounds would also be the most important protectors in chemical disinfection tests. The highest occurrence of proteins, fats, and carbohydrates would theoretically be in feed, as this represents the "input" of these compounds to the poultry house. Egg yolk represents an "output" material with high protein and fat content. Egg white was omitted from the study as it has lower protein content and no fats. These differences explain, at least partly, why bacteria are less heat-resistant in egg white than in egg yolk (Doyle and Mazzotta, 2000) , and this probably applies to chemical disinfectants. Fats, which were often observed in poultry houses as a layer in poorly cleaned feed troughs, were considered to protect microorganisms effectively from chemical disinfection, as they do when they are heated (Senhaji, 1977) . Feces were not used as organic matter although abundant in badly cleaned poultry houses, as the low content of proteins, fats, and carbohydrates probably render them less protective to disinfectants, a tendency also observed in heat disinfection studies . Finally, the aspect of biofilms was omitted from this study, as the occurrence of biofilms in poultry houses has only been reported from water systems where other disinfection procedures than those in the rest of the poultry house are applied.
It has been alleged, primarily by commercial sources, that glutaraldehyde is an effective disinfectant down to ∼5°C, whereas formaldehyde requires a minimum temperature around 16°C . It was therefore surprising that formaldehyde did not seem to be less effective than a glutaraldehyde/benzalkonium chloride compound in many test series run at ∼6°C. In field studies of persistently infected poultry premises, formaldehyde was reported to be more effective than glutaraldehyde and was also less susceptible to a bad cleaning standard (Davies and Wray, 1995; Davies et al., 1998; Davies and Breslin, 2003) . The low efficacy of the peroxygen (i.e., oxidizing) compound was not surprising, as these disinfectants are susceptible to organic matter (Russell and Chopra, 1996) , and the rapid reaction times often seen in in vitro tests (Gasparini et al., 1995) are not necessarily advantageous when disinfecting animal houses. In one study investigating boot bath disinfection, a 1% Virkon S solution was effective against bacteria on clean boots, but not on boots with pig manure on them (Amass et al., 2001) . The favorable results seen with the peroxygen compound when disinfecting feed chain links at 30°C might be related to its corrosive properties, which apparently were also lethal to the bacteria tested. Fats were generally protective for the bacteria, but the use of a peroxygen compound at high temperatures might be an effective treatment in, for example, feed troughs.
The only difference in susceptibility between the 2 Salmonella isolates was for the peroxygen compound, to the favor of S. enteritidis. Salmonella enteritidis and S. senftenerg represented the lowest and highest MIC, respectively, in a study involving 5 disinfectants, including the 3 reported here (Gradel and Randall, 2003) . Here, the MIC of the S. senftenberg isolate was 2 and 4 times higher for formaldehyde and Virkon S, respectively, than of the S. enteritidis isolate. It is therefore conspicuous that in this study, the only difference in susceptibility was found for Virkon S, but to the benefit of S. enteritidis. These preliminary results indicate that MIC studies are not reliable indicators of in-use conditions, aspects that have been discussed in the scientific literature (Russell, 1999a; Maillard, 2002) .
Enterococci often occur in higher numbers than Salmonella, they have the same habitat (the intestines), and are considered to be relatively resistant to various detrimental conditions (Russell, 1999a) . These characteristics make them suitable as indicator bacteria for Salmonella in field tests, either as naturally occurring bacteria or spiked in organic matter. In our study, E. faecalis was generally at least as resistant to the 3 disinfectants and the control as the 2 Salmonella isolates, but it was tested in relatively few series, so more studies and other conditions are needed to validate its use as a putative indicator bacterium.
In conclusion, the efficacy of the disinfectants was (best first): formalin > glutaraldehyde/benzalkonium chloride compound > peroxygen compound > WHO water, with the exception that the peroxygen compound seemed most effective when disinfecting feed chain links with fats at 30°C. There were no differences between S. enteritidis and S. senftenberg, except for the peroxygen compound that was more lethal to the latter. Enterococcus faecalis was equally or more difficult to eradicate than the 2 Salmonella isolates, indicating it could be useful as an indicator bacterium. More studies mimicking worst-case scenarios in animal houses with other conditions, disinfectants, and microorganisms are encouraged, as it would be useful to develop a Hazard Analysis Critical Control Point (HACCP) system, parallel to what has been implemented in sectors of the farm-to-fork chain being closer to the consumer. nated by Aarhus Olie, Aarhus C, Denmark. This project was funded by the Danish Salmonella Control Programme for Poultry under the Danish Ministry of Food, Agriculture, and Fisheries.
